Although general relativity underlies modern cosmology, its applicability on cosmological length scales has yet to be stringently tested. Such a test has recently been proposed 1 , using a quantity, E G , that combines measures of large-scale gravitational lensing, galaxy clustering and structure growth rate. The combination is insensitive to 'galaxy bias' (the difference between the clustering of visible galaxies and invisible dark matter) and is thus robust to the uncertainty in this parameter. Modified theories of gravity generally predict values of E G different from the general relativistic prediction because, in these theories, the 'gravitational slip' (the difference between the two potentials that describe perturbations in the gravitational metric) is non-zero, which leads to changes in the growth of structure 2 and the strength of the gravitational lensing effect 3 . Here we report that E G 5 0.39 6 0.06 on length scales of tens of megaparsecs, in agreement with the general relativistic prediction of E G < 0.4. The measured value excludes a model 1 within the tensor-vector-scalar gravity theory 4,5 , which modifies both Newtonian and Einstein gravity. However, the relatively large uncertainty still permits models within f( ) theory 6 , which is an extension of general relativity. A fivefold decrease in uncertainty is needed to rule out these models.
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Operationally, we define the probe of gravity E G as a combination of three observable quantities:
Here b is the redshift distortion parameter 7 , which is a measure of the radial anisotropy in the clustering pattern reconstructed by galaxy redshift surveys. Growth of large-scale structure over cosmic time induces coherent galaxy motions that give rise to the observed anisotropy. In the regime where perturbations are linear, b is equal to the ratio of the dimensionless linear growth rate of structure, f, and the galaxy bias parameter, b. The galaxy-matter and galaxy-galaxy annular differential surface densities 8 (ADSDs), U gm (R) and U gg (R), are derived from observations of large-scale gravitational lensing and galaxy clustering, respectively. They have been constructed to suppress the small-scale contributions to these observations. In particular, the galaxy-matter ADSD is defined as
where DS gm (R) ; S S gm (,R) 2 S gm (R) is a measure of the crosscorrelation between the distribution of galaxies and dark matter. The quantity DS gm (R) is directly proportional to the observable quantity for galaxy-galaxy lensing 9 , the tangential shear, which is a statistical measure of the weak distortion of shapes of background galaxies due to the gravitational deflection of light by matter along the line of sight. Here S gm (R) is the projected surface mass density at a transverse radius R and S S gm (,R) is its mean value within the region bounded by R; DS gm (R) therefore measures an excess surface mass density. The scale R 0 sets the minimum length scale that contributes to the ADSD.
In analogy with the second line of equation (2), the galaxy-galaxy ADSD is defined as
where r c is the critical matter density of the Universe and w gg is the projected two-point galaxy correlation function, which is a measure of how strongly galaxies are clustered together. Because the ADSDs are insensitive to length scales less than R 0 , they have the advantage of being robust to nonlinear, small-scale effects such as the stochasticity and scale dependence of galaxy bias. In practice, we choose the minimum scale R 0 to be large enough to suppress these systematic effects but small enough to preserve a high signal-to-noise ratio in the measurement of E G . Another distinct advantage of using E G to test gravity is its insensitivity to both the galaxy bias parameter, b, and the amplitude of matter perturbations 1 . This is true to first order in general relativity, as well as in modified theories of gravity. In particular, in general relativity, equation (1) simplifies to E G 5 V m,0 /f, where V m,0 is the present-day matter density parameter. Thus, unlike in previous attempts to constrain the theory of gravity on cosmological length scales 10 , we are not required to use additional observations and assumptions to estimate galaxy bias, and are able to obtain results that are more robust.
We measure U gm (R) and U gg (R) from a sample of 70,205 luminous red galaxies 11 (LRGs), from the Sloan Digital Sky Survey 12 , that satisfy selection criteria 13 used for large-scale structure studies. We use the value b 5 0.309 6 0.035 measured 14 from a galaxy sample selected in the same way. Our sample covers 5,215 square degrees of sky and the redshift range z 5 0.16-0.47 (the redshift of the radiation emitted by a distant galaxy is a measure of the time of emission). The mean redshift, z 5 0.32, corresponds to a look-back time of 3.5 3 10 9 yr, when the universe was about 77% of its current size, and is already well into the accelerated phase of the cosmic expansion. The sample spans a large comoving volume, 1.02h
23 Gpc   3 , where h ; H 0 /(100 km s 21 Mpc
21
) is a dimensionless form of the current Hubble parameter, H 0 . Figure 1 shows the average galaxy-galaxy lensing profile, DS gm (R) (Fig. 1a) , and the projected two-point galaxy correlation function, w gg (R) (Fig. 1b) , measured from the LRG sample for scales R 5 1.2h
21 -47h 21 Mpc. To achieve a high signal-to-noise ratio in the lensing profile, we stack together shape measurements 15 of more than 3 3 10 7 source galaxies (see Supplementary Information for details). To calculate w gg (R), we use a standard method of counting galaxy pairs and comparing the result with that for a randomly distributed sample 16 . Figure 2 shows our estimate of E G (R), with 1s error bars that include the error in the measurement of b. We choose the minimum scale, R 0 5 1.5h 21 Mpc, to be close to the typical virial radius of the haloes of the most massive LRGs, above which we expect the distribution of galaxies to trace that of the dark matter, but our results are not very sensitive to this particular choice of R 0 . To estimate errors in E G (R) while accounting for any correlations between radial bins, we use jackknife resampling of 34 galaxy subsamples from equal-area regions in the sky. To obtain numerical corrections accounting for the effect of scale-dependent galaxy bias and other systematic effects, we use a suite of dark-matter simulations 17 that have been populated with galaxies using the HOD model 18 that best reproduces the observations ( Fig. 1 and Supplementary Information) . The correction factors that we obtain are well below the statistical uncertainty in E G .
We take the average of E G (R) over scales R 5 10h
21 -50h 21 Mpc, accounting for correlations in the data, and find it to be AEE G ae 5 0.392 6 0.065 (1s) (grey shaded region in Fig. 2 ). The 16% error in E G is dominated by the 11% statistical error in b and the 12% statistical error in the galaxy-galaxy lensing signal. In addition, there is a 5% lensing calibration uncertainty 15 . As detailed in the Supplementary Information, systematic effects on E G are least important on length scales R . 10h 21 Mpc, so the results are most robust there. We note that the average for R 5 2h
21 -50h 21 Mpc yields a result, AEE G ae 5 0.40 6 0.07, consistent with that above.
The general relativistic prediction is E G 5 V m,0 /f(z) 5 0.408 6 0.029 at redshift z 5 0.32, where f(z) < V m (z) 0.55 < 0.629 and V m (z) is the matter density parameter at redshift z. The allowed range is determined by the size of current uncertainties on V m,0 5 0.2565 6 0.018 (ref. 19) . The data are consistent with this prediction over the range of scales we consider (Fig. 2, solid line and GR 1 LCDM bar) . Unfortunately, providing model-independent constraints on the gravitational slip is complicated, because changes in the gravitational slip will in turn affect the rate of growth of structure. What is clear is that there is no evidence for a non-zero gravitational slip from our data. Thus, we find no deviation from general relativity on length scales 10 11 times greater than those for which classical tests 20 have been performed. We also compare our constraint on E G with predictions from two viable modified theories of gravity: tensor-vector-scalar theory 5 and f( ) theory 6 (Fig. 2 , TeVeS and f( ) bars). Models of f( ) theory 21 that are designed to reproduce the observed cosmic expansion history with a specific model for the gravitational slip predict that E G 5 0.328-0.365 (Supplementary Information). The data favour slightly higher values, but are consistent with this predicted range. These models can be tested in the near future; limits on E G will improve as a result of the larger data sets and better control of systematic errors allowed by the next generation of galaxy surveys. Nevertheless, even with the current limits, we can tentatively rule out particular models. For example, a particular tensor-vector-scalar model 1 predicts that E G 5 0.22, which is lower than the observed value by more than 2.5s. Whether this result rules out the entire class The error bars (1s) are estimated from jackknife resampling of 34 equal-area regions in the sky. Profiles measured from mock galaxy catalogues are also shown (solid curves). To generate the mock galaxy catalogues, we use a standard five-parameter halo occupation distribution (HOD) model with two parameters related to the assignment of central galaxies and three parameters related to the distribution of satellite galaxies (see Supplementary Information for more details). To fix the HOD model parameters, we require the galaxy number density to match the observed value and find the best joint fit to the observed galaxy-galaxy lensing and galaxy clustering profiles. Despite this tuning, it is remarkable that this simple model is able to reproduce both the overall shape and particular features of the observed profiles. LETTERS of tensor-vector-scalar models is an open issue 22 , but it in any case serves as a concrete demonstration that our measurement of E G presents a new and non-trivial challenge to both existing and future proposals of modifications to general relativity.
